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Abstract. 2014 The theoretical formulae we propose use the ground values of air pressure, temperature and relative humidity, parameters measured by most of the meteorological stations. The results were found to be in good agreement with those obtained from several semi-empirical formulae proposed by other authors. To compute more exactly the precipitable water layer it was established a relation which is more general than the existing empirical corrections. The theory was compared with the results obtained by using six atmospheric models based on measurements. It was found out a good concordance.
Revue Phys. Appl. 23 (1988) [1] , Bener [2] and Davies [3] .
Most of computing models take into account the effects that gases and precipitable water have on atmospheric attenuation of solar radiation. Evaluation of precipitable water or gases amount is difficult because of their complex dependence on atmospheric state. This was the main reason which led to the application of some semi-empirical formulae, such as those proposed by Hann [4] , Paltridge and Platt [5] , Gates [6] , Smith [7] We accepted for the humidity content the expression proposed by Smith as a result of measurements [7] :
where w * and p * are the parameter values at ground level. The average value of a on USA territory is 3 [7, 9] . We considered this value corresponding to the standard profile of w. We expect equation (3) Deduction of equation (7) and the expressions of the functions Ok can be found in Appendix C.
Introducing (2) , (3), (7) in (1) we obtain the precipitable water thickness, hw, and the thickness of an equivalent homogeneous layer from the gas i, hgi :
In (8) Pw(T*) is water density at temperature T*. Deduction of equation (8) [6] , Smith [7] . The calculations have been performed at constant p * and u * and using a = 3 in equation (3) . (10) and their interval of validity, for several altitudes h*. E -maximum error of equation (10) . Table II . - The values of the coefficients cj from equation (11) and their interval of validity, for several altitudes h *. E -maximum error of equation (11 [4] , c) Barbaro et al. [11] , d) Paltridge and Platt [5] , e) Gates [6] , f) Smith [7] (h * = 0 m, p * = 1000 hPa, u * = 80 %).
difficult to perform altitude measurements of humidity in all the places where we intend to determine solar radiation. Consequently, it appears as more useful to correct the existing formulae which compute precipitable water thickness. One of these corrections is [13, 14] :
In (12) h'w is the corrected value and po, To are scaling values. There isn't an unanimous opinion concerning the value of n. According to [13] between 0 and 1. In [15] n is equal to 1 and in [16] it is equal to zero. A correction of the type (12) where n = 1 and the temperature effect is missing has been previously used by Kaplan [17] and Paltridge [18] . In [18] it is shown that this correction slightly reduced the error compared to the case without correction, but the error still remains fairly high. Consequently, equation (12) which takes into consideration the temperature effect, is more useful [14] . It is also mentioned that the corrections of type (12) although improving the results are poorly justified, being semi-empirical [14] . The atmospheric model we propose allows a theoretical explanation for the large interval of the deviations between the computed and measured values of hw. This fact is owed to the effect introduced by the vertical profile of vapour distribution. The parameter a from (3) can be used to quantify this effect. Figure 5 shows the dependence of 03B8w on a for several temperatures, at constant p * and u *. The variation of 03B8w is decreasing and strong. It is approximately linear at lower temperatures and much more abrupt at higher T*. The effect of a on 03B8w is of the same importance as that of T *. Figure 6 shows the ratio hw(0-h)/hw(0 -H) for several values of a. The variation of « strongly modifies the distribution of precipitable water with altitude. The deviations between the values of hw computed with various formulae (see Fig. 3 ) are also due to the fact that each of the quoted models is based on different vertical humidity profiles. Our model has the advantage of taking into account various types of humidity distributions by means of a. Table III shows the values of the coefficients cj (j = 0, 5) from (11) for h * = 0 m and different a. (h * = 0 m, p* = 1 000 hPa, u* = 100 %, T* = 293 K). (11) (h * = 0 m, p* = 1015 hPa, U* = 100%).
In figure 7 we present the function (To/T)o,5 used in (12) to introduce the temperature correction. We have chosen To = 288.16 K, according to the TSA-60 and CIRA-61 models. We also present in figure 7 the function 03B8w(03B1)/03B8w(03B1 = 3 ), for (11) . In this case the correction Fig. 8. -The dependence on a of water vapour absorbtance of solar radiation (h * = 0 m, p* = 1000 hPa, u * = 80 %). a, b) Yamamoto [11] , c, d) Lacis and Hansen [13] , e, f) McDonald [20] . The two letters correspond to T* = 273 K and 313 K, respectively.
(13) will be approximatively proportional to ()0.05.
Such situations generally appear when correction is applied in different geographical places. Figure 8 shows the dependence on a of solar radiation absorption by water vapour. The formulae proposed by Yamamoto [11] Lacis and Hansen [13] and McDonald [20] were used. The differences between these three formulae are important, especially in case of high temperatures, as they can reach 10 %. The differences decrease with high a values.
In case of the Yamamoto relation, considered as the most precise [18] , the range of variation of solar radiation absorption is approximatively 5 [8, 23] . Figure 9 shows the dependence of (Jw on troposphere depth, for several temperatures at constant p * and u *. This dependence is weak, being more stressed for lower values of hl. At tropopause height h2 and the thermal gradient from the stratosphere a3 [23] . We [23] . The numerical values are obtained after slightly linearising the curves from the paper. Each of the six models characterizes a given latitudinal band and a certain period of the year. So, the models a, b, c, are specific to the January-February months : (a) areas. In all cases we considered a neutral atmosphere. Figure 15 shows the values 03B8w predicted by our model and by the six atmospheric models, respectively. The Applying equations (8) Up to about 400 km altitude the gaseous mixture from the volume dV is in thermodynamical equilibrium [8] , characterized by the pressure p and the temperature T. Moreover, we considered that both each gas separately and water vapour are perfect gases.
We define the water vapour content w as the ratio between the weights of water vapour and dry air from the volume dV (see e.g. [25] (2) and (C.5) we obtain for the layers 1 and 3 :
In case of the layers 2 or 4, by using equations (2) 
